A Gram-straining-negative, facultatively aerobic, rod-shaped strain, motile by a polar flagellum and designated P03D4
The genus Photobacterium, belonging to the family Vibrionaceae of the class Gammaproteobacteria, was first proposed by Beijerinck [1] . At the time of writing, the genus Photobacterium is composed of 24 species and two subspecies with validly published names (www.bacterio.net). Species of the genus Photobacterium were originally thought to be mostly luminescent, but more than half of the recognized species in the genus do not display this ecologically important character. Only five species: Photobacterium phosphoreum [2] , the type species of the genus, Photobacterium leiognathi [3] , Photobacterium angustum [4] , Photobacterium ganghwense [5] and Photobacterium kishitanii [6] have been found to have luminescence. The genus has a worldwide distribution, and some species [7, 8] are able to grow not only with general media but also with selective media, such as thiosulfate/citrate/bile salts/sucrose (TCBS), which is widely used for isolation of vibrios. Members of the genus Photobacterium have been isolated from seawater, marine sediments, saline lakes and a variety of marine organisms [7] [8] [9] [10] [11] . The latest species to be described in the genus Photobacterium is Photobacterium panuliri, which was isolated from eggs carried by a female spiny lobster (Panulirus penicillatus) on the pleopods [12] . The genus Photobacterium comprises a group of Gram-staining-negative, facultatively aerobic, non sporulating, plump and straight-rod-shaped bacteria that require NaCl for growth and are motile by means of one to three unsheathed polar flagella [13] . Cells are negative for ornithine decarboxylase and positive for accumulation of poly-b-hydroxybutyrate, but cannot utilize the exogenous monomer b-hydroxybutyrate. In addition, the genus Photobacterium is characterized by Q-8 as the predominant respiratory quinone and C 16 : 1 and C 16 : 0 as the major fatty acids [14] . In this paper, we report on the taxonomic characterization of a representative of a novel species belonging to the genus Photobacterium, designated P03D4
T , that exhibits mesophilic and facultatively aerobic properties. The name Photobacterium alginatilyticum sp. nov. is proposed. A polyphasic approach was used for investigating its taxonomy.
Strain P03D4
T , isolated from bottom seawater of the East China Sea (52 m deep; 23. T was cultured at 16 C.
Gram staining and flagellum staining were investigated according to standard methods [15] . The presence of gliding motility was investigated using the methods described by Bernardet et al. [16] . The cellular morphology of strain P03D4 T was determined by transmission electron microscopy (JEM-1200EX; JEOL) after cells were stained negatively with 1 % (w/v) phosphotungstic acid. To test for anaerobic growth, bacterial strains were cultured on MA with resazurin (0.02 %, w/v) as an indicator of anaerobic conditions in an anaerobic jar filled with nitrogen and a packet of AneroPack-Anaero (Mitsubishi Gas Chemical) at 28 C for 1 month. The temperature range for growth was determined on MA plates by incubating at 10-60 C (10, 16, 22, 28, 32, 37, 42, 45, 47 , 50, 55 and 60 C) for 5 days, and at 0 and 4 C on MA for at least 30 days. Luminescence was observed in the dark on MA plates. In addition, luminous medium (LM) was also used to detect luminescence of strain P03D4
T as described by Trick [17] . In the salinity experiment, distilled water was used to prepare synthetic marine ZoBell broth (per litre: 5 g peptone, 1 g yeast extract and 0.1 g FePO 4 ). NaCl concentrations were adjusted to 0, 0.5 and 1-15 % (w/v, at intervals of 1.0 %). Salinity tolerance and pH ranges for growth were investigated in test tubes. Growth over the pH range from pH 5.0 to 11.0 at intervals of 0.5 pH unit was determined in MB, using the following buffer systems: MES (pH 5.0-6.0), MOPS (pH 7.0), Tricine (pH 8.0), TAPS (pH 9.0), CAPS (pH 10.0) and Na 2 CO 3 / NaHCO 3 (pH 11.0). Various phenotypic properties of strain P03D4
T and the two reference strains were tested according to standard approaches [18] except that sterile seawater (pH 7.0, 3 % NaCl) was substituted for distilled water, including activities of catalase and oxidase and hydrolysis of starch, casein, gelatin and Tweens 20, 40 and 80. DNase agar (Qingdao 96 Hope Bio-technology) prepared with sterile water was used to detect the DNase activity according to the manufacturer's instructions. Activities of constitutive enzymes and other physiological properties were determined after growth on MA at 28 C for 2 days by using API 20E, API 20NE, API 50CH and API ZYM strips (bio-M erieux) and GN2 MicroPlates (Biolog) according to the manufacturers' instructions, except that the strips were inoculated with sterile seawater [19] . The morphological, physiological and biochemical characteristics of strain P03D4
T are given in Table 1 , Fig. S1 (available in the online Supplementary Material) and the species description.
For cellular fatty acid analysis, strain P03D4
T and Photobacterium phosphoreum JCM 21184 T were grown on MA at 28 C for 12 h until the bacterial communities reached the late-exponential stage of growth according to the four-quadrant streak method [20] , whilePhotobacterium frigidiphilum JCM 12947 T was grown at 16 C. Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.10), and identified by using the TSBA6.0 database of the Microbial Identification System [20] . For analyses of polar lipids and respiratory quinone, cell biomass of strain P03D4
T and Photobacterium phosphoreum JCM 21184 T was harvested from MB after shaking at 28 C for 48 h, andfromPhotobacterium frigidiphilum JCM 12947
T after shaking in MB at 16 C for 48 h; biomass was then freeze-dried. Polar lipids of strains P03D4
T ,Photobacterium frigidiphilum JCM 12947
T and Photobacterium phosphoreum JCM 21184 T were extracted according to the procedures described by Minnikin et al. [21] and subsequently separated by twodimensional TLC on silica gel 60 F254 plates (Merck) [22] . The identification of individual lipids was conducted by spraying with the appropriate detection reagents [23] . The respiratory quinones of strain P03D4 T and the other two reference strains were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Xie and Yokota [24] . The genomic DNA of strain P03D4
T was extracted according to the procedure of Moore et al. [25] , and the DNA G+C content was determined by reversed-phase HPLC according to the method of Mesbah et al. [26] .
The cellular fatty acid profiles of strain P03D4
T and the reference strains are given in Table S1 . The major cellular fatty acids of strain P03D4
T (>10 % of the total fatty acids) were summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 41.4 %) and C 16 : 0 (11.4 %). The overall fatty acid profile of strain P03D4
T was similar to those of the reference strains although there were some differences in the respective proportions of some components. Moreover, strain P03D4 T had higher amounts of summed feature 2 [any combination of an unknown fatty acid (equivalent chain length 10.928), C 12 : 0 aldehyde, C 14 : 0 3-OH and/or iso-C 16 : 1 I; 7.93 %] than the two reference strains (Table S1 ). The major polar lipids (Fig. S2 ) detected in strain P03D4
T were phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine and one unknown lipid, which were identical to those of the two reference strains. The predominant respiratory quinone detected in strain P03D4
T was ubiquinone-8 (Q-8), which was consistent with other members of the genus Photobacterium. The DNA G+C content of strain P03D4
T was 44.3 mol%, which was within the range (40.2-50.6 mol%) for the genus Photobacterium [27] .
For 16S rRNA gene sequencing, the genomic DNA of strain P03D4
T was extracted and purified using standard methods [28] . PCR amplification, cloning and sequencing of the 16S rRNA gene were performed according to the protocols of Zhang et al. [29] . The almost-complete 16S rRNA gene sequence (1515 nt) was checked manually and submitted to the GenBank database. Pairwise similarity values between strain P03D4
T and closely related type strains were calculated using the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/; [30] . The 16S rRNA gene sequences of the related strains were retrieved from the NCBI database (www.ncbi.nlm.nih.gov) and aligned by using the CLUSTAL X program [31] . Phylogenetic trees based on the neighbourjoining, maximum-likelihood and maximum-parsimony algorithms ( Fig. 1) were reconstructed by using the software package MEGA version 5.0 [32] . The genetic distance matrices were calculated by using the Kimura two-parameter model [33] for the neighbour-joining and maximum-likelihood trees. In each case, bootstrap values were based on 1000 replicates. [38, 39] . All strains are positive for nitrate reduction and acid production from glucose, and require NaCl for growth. All strains have Q-8 as respiratory quinone. +, Positive reaction; À, negative reaction; ND, no data available. Growth with/at:
Hydrolysis of:
Utilization of (Biolog GN2): According to the nearly complete 16S rRNA gene sequence (1515 nt) of strain P03D4 T , pairwise alignment showed the highest sequence similarity of 96.9 % to Photobacterium frigidiphilum SL13 T , with 94.6 -96.9 % sequence similarity to other species of the genus Photobacterium. This close relationship between strain P03D4
T and species of the genus Photobacterium was also evident in the neighbour-joining phylogenetic tree. Strain P03D4
T formed a distinct phyletic line within the radiation of the genus Photobacterium. The monophyletic clade comprising strain P03D4
T and five recognized species of the genus Photobacterium was consistently recovered with all tree-making methods used. However, the relatively low level of sequence similarity to the type strains of recognized species of the genus Photobacterium implied that strain P03D4
T may represent a novel species [34] .
The major features of strain P03D4 T , including the major respiratory quinone, hydrolysis of Tweens 20, 40 and 80, the presence of catalase and b-glucosidase activity, utilization of D-fructose and D-mannose, nitrate reduction and glucose fermentation, the predominant cellular fatty acids (Table S1 ) and the polar lipid profile, were similar to almost all of the reference strains of phylogenetically related species of the genus Photobacterium (Table 1 ). In addition, the phylogenetic analysis based on 16S rRNA gene sequences showed that strain P03D4
T formed a distinct cluster with Photobacterium frigidiphilum JCM 12947
T . All the above characteristics demonstrated that strain P03D4 T belonged to the genus Photobacterium. However, a relatively low level of 16S rRNA gene sequence similarity to Photobacterium frigidiphilum SL13
T implied that strain P03D4 T represented a novel species in the genus Photobacterium. Moreover, strain P03D4
T could be clearly differentiated from the reference strains based on some features including cell morphology, the temperature and NaCl ranges that support growth, indole production, hydrolysis of starch, alginate and gelatin, and numerous enzyme activities (Table 1) , and differences in the proportion of some fatty acids (Table S1 ). On the basis of phenotypic characteristics and phylogenetic inferences, strain P03D4
T is considered to represent a novel 
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